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Indentation with the spherical shape indenter has been used for long time as the way to measure true stress – 
plastic strain curve and corresponding properties: strain-hardening exponent, strength coefficient, yield strength 
and other values. A different approach has been used to obtain the desired σ(ε) curve from partial loading-
unloading (PUL) force vs depth dependence processing using the analytical solutions, finite element modeling 
(FEM) and neural networks. The last two methods have primarily laboratory applications, while analytical 
approach has been used to determine mechanical properties in industrial applications. Automated ball 
indentation (ABI) [1, 2] is one of those most old established methods, which was mostly used for the pipeline 
and weld joints control. In current work, we present the results of the application of ABI method for the 
determination of stress – strain relation in micrometer range.  
A number of materials including polymers, metals and amorphous fused silica were tested using  sphero-conical 
tip, which radius was 18 um. The tip is made of aluminum oxide. The normal indentation load up to 2.5 N was 
applied. Materials were tested in PUL mode and in dynamic mechanical analysis (DMA) regime, which is 
ordinary used for the determination of semi-continuous hardness, elastic and loss modulus vs depth 
dependencies. Both results are in agreement with each other. Application of DMA approach along with ABI 
method gives an ability to determine the strength of material along with the qualification of its strain rate 
dependent properties. The set of stress – plastic strain relations obtained in PUL mode are presented on figure 
1. The results obtained from PUL and DMA indentation experiments were compared to FEM simulations as well 
as direct stress-strain measurements in the universal testing machine on the same physical samples.  
Conclusions on the application the combination of experiments and modeling for prediction of macroscopic 




Figure 1 – True stress – plastic strain 
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